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Abstract

A majority of Carbon-dioxide including smaller amounts of methane and nitrous are emitted from the consumption of
fossil fuels around the world to meet the sustainable development goals and global prosperity. Studies have shown that the
increase in greenhouse gases has negative effects on human health, and the environment around us. Emissions from the
consumption of fossil fuels in factories and industries either to produce electricity or transport people, goods and services
cause the release of CO2 and other pollutants into the atmosphere. The majority of industrial energy is supplied by non-
renewable energy resources, which mainly consist of fossil fuels. Currently, fossil fuels are the main source of energy and
are concentrated in some regions of the world, therefore direct contamination occurs in areas where they are stored or
processed. A majority of electricity consumed by cities and countries across the world is produced from fossil fuels, which
accounts for the highest percentage of overall CO2 production in that particular country. People will share the common
global environmental problems, either it is local or regional, hence immediate actions are needed to tackle problems at
national and regional and global levels. Fortunately, with the advent of new technologies and intervention strategies, it is
possible to reduce pollution and reduce the rate of rising global temperature that might result in better economy and eco-
logical systems as well as providing sustainable energy resources. In this research the data on nonrenewable energy sourc-
es, fossil fuel reserves in different regions, production and consumption rate of fossils have been identified and reviewed.
Additionally, mathematical calculation has been done to find the carbon dioxide emission amounts, both international

and national legislations as well as further recommendations have been provided to reduce or prevent emissions.
Keywords: Fossil Fuels, Emissions, Carbon-Dioxide, Oil, Natural Gas, Coal
Abbreviations:

OECD-The Organization for Economic Co-operation and Development. An international organization that works to
build better policies for better lives. There are 37 member countries of this organization.

CIS-Commonwealth of Independent States. The Commonwealth of Independent States (CIS) was created in December
1991 by eleven countries from the ex-USSR: Armenia, Azerbaijan, Belarus, Kazakhstan, Kirghizstan, Moldavia, Uzbeki-
stan, Russia, Tajikistan, Turkmenistan, and Ukraine.

Mtoe-Million or mega tons of oil equivalent. The unit quantifies the amount of energy released when burning one mega

tone of crude oil.
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Btoe-Billion tons of oil equivalent MMBTU-Metric Million British Thermal Unit UNFCCC-United Nations Framework
Convention on Climate Change

CCS-Carbon capture and storage technologies

VOCs-Volatile organic compounds. Volatile organic compounds (VOCs) are gases that are given oft by many indoor
sources

EPA-United States Environmental Protection Agency

GHG emissions-Green House Gas emissions

CCMP-Climate Change Mitigation Policy PAHs-Polycyclic aromatic hydrocarbons 1 kWhr-kilo Watt hour (Energy Unit)
1 GJ-Giga Joule (Energy Unit) Annex I countries-Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Croatia and
Cyprus

Annex II countries-Australia, Austria, Belgium, Canada, Denmark, European Community, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzer-
land, United Kingdom and United States of America.

MEP-Ministry of Environmental Protection

Introduction
There are mainly two types of energy resources, renewable and nonrenewable resources.

Nonrenewable energy resources include coal, oil, natural gas and nuclear energy. Since the world’s need for energy mainly depends
on these fossil fuels resources, energy supply is one of the major problems. Renewable and nonrenewable energy resources used by
society for different purposes on a daily basis. While renewable energy resources is replaced, nonrenewable resources cannot be

replaced or their replacement rate is less than their consumption rate that cannot be considered as sustainable energy resource [1].

Fossil fuels created as result of decaying process of animals and plants’ remnants during millions of years. Together with heat and
pressure, remnants are buried and decaying under layers and sediment rocks. Under high pressure and temperature, plant and an-
imal remains transformed into crude oil (petroleum), coal and natural gas. It is estimated that currently, extracted fossil fuels, are
produced by plants and animals that lived in a time called Carboniferous Period around 300 to 360 million years ago. Real source of
energy comes from the sun: energy gathered in the tissue of plants through the process of photosynthesis, then, animals consume
those plants that transfer the energy into their own bodies. When the fossil fuels burnt, this trapped energy releases [2].

Crude Oil: Gasoline and diesel are mostly produced fuels from crude oil that used for vehicles and for the plastics manufacturing.
Crude oil is transferring to upside through permeable layers and gathered in porous rocks in layers called traps. After exploration

and investigation, oil reservoirs are found and petroleum is produced through wells [3].

Natural gas: it produced most often together with oil and due to sudden pressure drop near surface gas separates from liquid oil.

Natural gas is a mixture of several hydrocarbons, however mainly consists of methane (CH4) [4].

Coal: it is a solid fossil fuel that used for heating homes and generating power plants. It formed after burial of plants and animals in
swamps. All these fossils’ decays under anaerobic (without oxygen) condition over a long period. Coal produced through digging
the ground and underground layers [5] Nuclear energy: this is another nonrenewable energy resource, which transferred from ra-

dioactive elements, especially uranium that is extracted from mined ore and then refined to fuel [6].

Through analyzing the consumption rate over regions, it has been determined that dominant fuel in Africa, North America and

South America is still oil, while in CIS (Commonwealth of Independent States) and the Middle East natural gas is in highest con-
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sumption rate [7]. Overall these two fossils constitutes more than a half of energy consumption in these regions. However, in Asia
Pacific region coal is the major consumed fuel and in 2018 share of primary energy of coal declined to its lowest point in North

America and Europe (Figure 1)

Regional consumption by fuel 2018

Percentngs

H

Cis Micdle East Lfrca
Figure 1: Regional Consumption by fuel (BP Statistical Review of World Energy 2019)

Based on consumption rates of fossils over regions, oil consumed mostly in Asia Pacific and North America. Overall these two re-
gions accounts for nearly 60% of global consumption. Global coal consumption is the highest rate in Asia Pacific. However, nearly
66% of nuclear consumption over the world is mainly concentrated in North America and Europe [8] Energy consumption in Asia
Pacific and Southern and Central America is based on hydro energy resources, nearly 60%. Almost 90% of renewables of the entire
world used in Asia Pacific, Europe and North America (Figure 2). Since the most of the demand for energy supplied by consuming
fossil fuels, carbon dioxide releases alongside with other pollutants. Furthermore, due to greenhouse gas emissions global warm-
ing has become the one of the urgent issues in the international level. Due to SO2 (Sulphur-dioxide) emissions sulfuric acid forms
when mixed with moisture in the atmosphere, that causes acid rains, which in its turn causes corrosion of metal facilities [9] The
aim of this research is to identify fossil fuels proven reserves in different regions, production and consumption rates of fossil fuels
and carbon-dioxide emission amount due to fossils consumptions. Furthermore, international laws and legislations are analyzed to

determine what targets are set and if they are reached.
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Fuel consumption by region 2018
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Figure 2: Fuel consumption by region. (BP Statistical Review of World Energy 2019)

Considering all researches in the field of fossil fuels emissions, gaps identified in-depth literature review on emissions due to fossil
fuel consumption. Following the existing studies, this research aims to bridge the gap in knowledge. It improves the studies of fossil
fuels emissions in local and global perspectives and tries to find alternative solutions. The research aims to provide literature support
for carbon emission study using statistical data of consumed energy and about proven reserves of fossil fuels provided by energy
companies in different years to ensure that researchers and professionals have deep understanding of investigations and future plans
to reduce emissions. The novelty and objectives of this study includes: (i) determine the produced carbon-dioxide amount due to
consumption of fossil fuels over the years, (ii) analyzing of International Laws adopted for future targets to reduce of carbon- dioxide

emissions, (iii) Possible achievements in reduction of energy consumption and emissions amount.
Materials and Methods

All required data were gathered from a variety of sources such as scientific articles, journals, magazines, newspapers, annual reports
of global energy companies, as well as watching some relevant videos related to research topic. Quantitative and qualitative study
methods were used to analyze all gathered data. In order to calculate emissions quantitative study was used and for general calcula-
tion mean values were selected. To analyze the theoretical information and provide solutions qualitative study method was chosen.
Using some mathematical equations, amount of emissions was calculated and included into the tables. All negative aspects of car-

bon-dioxide emissions were analyzed using statistical approach, quantitative and qualitative data.
Results
Results of Quantitative Data

After obtaining all the data from annual reports of energy companies all the required consumption amounts have been included in
the tables below in order to make calculation easier. To calculate the amount of released carbon-dioxide for different regions for each
type of fossil fuels the data was obtained from different annual statistical reports expressed in the same energy unit as Mtoe (Million
tons of oil equivalent). This helped to accept all consumed fossils to accept as oil and using the same thermal units and conversion

factors for calculation:
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5
Types of Energy Resource | Pounds of CO2 emitted per million British thermal units (BTU) ofenergy for
various fuels
Oil 161.3

Table 1: Pounds of CO2 emitted per million British thermal units (BTU) of energy for various fuels [4]

Primary energy: consumption by fuel®

" 2077 "
Hadural Muclear Hrydro- Reonew- Matural MHuckear Hydro- Rengw-
Canada 1088 243 18.6 22.7 a9y 95 3437 110.0 995 144 876 103 3444
Mexico 858 743 16.2 25 T2 43 1893 B8 770 119 48 186.9
us 802.0 6358 331.3 191.7 67.2 945 22325 919.7 7026 317.0 653 1038 2300.6
Tatal Narth Ameiics 10066 804 4 365.1 2169 1651 1084 27555 11125 8791 24233 160.3 1188 28320
Argentina 320 416 11 1.4 9.4 0.7 861 301 4149 12 K 9.4 09 a5.1
Brazl 136.1 324 16.6 36 839 21.4 2939 1359 2300 15.9 X B82.7 236 2976
Chila 172.7 4.8 7.7 - 48 33 383 18.1 3] 7.7 - 52 3.5 40.1
lomibia 165 105 52 - 12.0 05 455 16.6 112 59 - 128 0.5 469
Ecuador 113 0.7 - - 45 01 16.7 122 [+X] - - 4.7 o1 17.6
Peru 120 58 0.6 - 6.6 04 254 124 6.1 0.9 - 7.0 o7 270
Trinudad & Tobago 2.1 131 - - - t 152 2. 132 - - - t 153
Venazusala 221 E<¥ 3 0.1 - 18.0 t 736 19.5 287 0.1 - 16.3 t
Other 5_& Cent. America 67.4 62 a5 — 228 52 1051 &5 4.3 - 223 &1 107.8
Toal S. & Cent. America 3122 1454 34.8 4.9 163.0 31.5 B09.8 3153 144 8 36.0 6.1 1655 35.4 7020
Austria 13.1 78 3.1 - 8.7 28 355 13.4 75 29 - 85 28 35.0
Belgium 33.7 14.1 3.1 56 o1 35 621 34.1 14.5 33 64 0.1 38 622
Czech Republic 10.4 7.2 166 6.4 a4 18 41.8 106 69 157 [-F: 04 1.7 AZ1
Finland 10.3 16 4.0 51 33 28 28.1 10.7 1.8 4.3 652 30 43 293
France 0.1 285 9.3 0.1 11.1 9.4 237.5 789 36.7 8.4 93.5 14.5 108 2426
Germany 119.0 772 s 172 46 444 3339 1132 759 66.4 17.2 28 473 3239
Greece 16.0 at 4.8 = 0.9 22 28.0 16.0 41 4.7 — 1.3 24 283
Hungary 83 85 22 36 1 0.7 235 88 83 22 36 0.1 0.8 23.7
ita &2.0 615 98 - 78 153 156.3 &0.8 s8.5 89 - 10.4 149 1545
MNatherlands 308 3.0 a1 08 t 39 845 409 30.7 a2 08 1 42 B4.8
Morway 10.1 339 0.8 - 321 0.7 476 10.4 39 o8 - 33 a9 47.4
Poland a7 165 438 - 0& 49 1034 38 17.0 505 - D4 a4 1052
Portugal 120 5.5 3.2 - 1.3 38 268 1.5 50 27 - 28 3.9 26.0
Aomania 10.3 D6 54 26 a3 2.2 334 10.2 9.3 53 26 4.0 2.0 33.4
Spain 65.0 273 134 131 4.2 157 1388 656 271 111 126 80 16.0 1414
Swadan 15.4 0.7 2.0 148 14.7 68 544 14.8 0.7 2.0 155 140 66 536
Switzerland 10.9 2.7 0.1 46 2.7 o8 269 105 26 0.1 &8 7.9 0.9 27.8
Turkay 9.2 443 395 - 13.2 66 152.7 48.6 40.7 423 - 135 85 1535
Uk rains o9 260 257 19.4 20 0.4 B3.4 2.6 263 262 191 22 0.6 B84.0
United Kingdom 780 678 9.1 159 13 21 1932 T 0 7.6 147 1.2 239 1923
Othas Europs 625 261 341 84 14.9 11.4 167.3 g62.4 336 83 12.9 11.7 159.8
TJotal Europe 762 4819 3155 211.8 1323 1623  2060.0 F42.0 307.1 2121 1453 172.2  2050.7
Azerbaijan 47 a1 T - 04 L 143 46 + - oa t 14.4
Belarus .7 15.7 0.8 - 0.1 0.1 234 68 1.0 - 0.1 0.1 246
Kazakhstan 15.0 13.7 36.4 - 2.5 0.1 67.68 16.4 408 - 23 0.1 76.4
Russian Federation 151.6 370.7 839 46.0 41.9 03 6943 152.3 880 463 430 03 T20.7
Turkmenistan 69 218 - - - t 287 7.3 - - - t 315
Uzbekistan 2.7 371 35 - 1.7 - 45.0 286 3.1 - 1.6 - 439
Othar CIS 38 43 1.8 06 7.7 t 18.0 3.7 2.0 05 80 1t 19.0
Total CIS 1911 472 3 1264 46 6 543 05 B891.2 1935 1340 46 7 554 06 8305
lean B45 180.5 14 1.6 39 0.1 2720 BE.2 939 15 1.6 2.4 o1 285.7
Irag 3586 1.0 - - 0s T 471 284 14.7 - - 07 t 53.7
tsrael 11.7 BS 60 - ¥ 04 256 1156 90 4.7 - t 05 256
Kuwait 204 181 02 - - T 387 200 18.7 02 - - t 39.0
O man 9.2 200 0.1 - - t 283 8.2 214 aa - - 11 30.7
Qatar 11.8 370 = - - t 489 122 360 - - - t 483
Saudi Arabia 168.8 a9 01 - - t 2628 1626 964 01 - - 3 2592
United Arab Emirates 438 E4.0 10 - - Q0.1 109.0 as. 65, 1.1 - - 02 1122
o iddie East 266 201 0.4 = 0.3 05 480 6 E 19 L - 03 0.8 47.9
Total Middle East 4125 4532 B.2 LG a7 1.3 8814 A2, 475 1.9 1.6 3.4 1.7 85023
Algernia 19.4 a3a 02 = 4 0.1 53.1 19.6 367 02 ) 1 0.1 56.7
E?\»pt 392 481 1.6 - 30 0.6 926 367 612 8 - an 08 84.5
lofocca 135 1.0 45 - 0.3 08 200 132 09 54 - 0.4 1.1 21.0
South Africa 275 38 BL3 386 0.2 24 1218 263 .7 B850 256 02 28 1215
Other Africa 924 347 7.0 - 247 22 161.0 955 364 7.0 = 264 24 167.8
Total Afnca 1821 121.0 976 B 28.2 81 448 8 1913 1290 101 .4 26 301 7.2 4615
Austraha 611 as5 45.1 - 3.3 58 1405 533 358 443 - 39 72 1443
Bangladesh 79 229 1.9 - 0.2 0.1 33.0 2.0 24.4 2.1 - 02 o1 358
China 610.7 2067 18904 86.1 263.6 1114 31390 641.2 2433 19067 666 2721 1435 32735
Chuna Hong Kong SAR 219 27 83 - - T 30.9 X232 26 6.3 - - L 311
Indsa 271 462 4159 85 30.7 21.7 7501 239.1 499 452.2 88 ne 275 809.2
Indonesia 793 331 572 - 42 30 176.9 834 235 61.6 - 3.7 33 1855
apan 187.8 1006 1199 68 17.9 224 4552 1824 295 1176 na 183 254 454.1
Malays:a 260 359 19.3 = 52 03 96.7 359 a6s 211 - 55 0.3 893
Now Zealand 85 43 12 - 57 24 222 84 37 1.3 - 6.0 2.4 217
Pakistan 292 350 71 19 6.9 09 81.0 243 375 116 22 81 12 85.0
Philppnes 21.7 32 1565 = 22 3 457 20 35 16.3 - 21 32 47.0
Singapare 748 106 0.9 - - 0.2 8685 758 10.6 09 - - 03 876
South Korea 130.0 428 862 336 06 40 2971 1289 481 82 30.2 0.7 50 301.0
Sni Lanka 5.4 - 14 - 09 0. 78 53 - 12 - 1.4 01 8.1
Tarwan 50.1 200 304 6.1 1.2 12 117.0 s0.0 203 303 63 1.0 1.5 1184
Thaiand 64.4 a3 183 - 1.1 34 1302 65.8 429 185 - 1.7 40 133.0
Vietnam 36 82 279 - 16.0 01 768 249 83 343 - 183 o1 858
Other Asia Pacific 219 98 169 i 136 0.2 G624 226 103 - 14.2 03 65.4
Total Asia Pacific 1651.3 6606 2770 111.7 3732 1802 57480] 16954 700.5 3880 2954 9858
.0 1.9 37184 597.1 9199 490.2 134746 1 1
of which: OECD 21965 14352 BO2.9 4434 3146 3043 55869| 22048 15052 3213 3304 6669.0
Non-OECD 24105 17067 28256 1637 605.3 1859 7887.7| 2457 18042 6275 230.8
European Union 6495 4004 2342 187.8 £7.4 1524 16018 8 3942 8.0 1506 16882
®in thin reve, BOIMEaRY GnaTgyY COTEnSes comynarcally-raded fusls, inchiding moden used to o EeCInEiIty

TLess than D05

Figure 3: Primary Energy Consumption 2017 -2018: Consumption by fuel (BP Statistical Review of World Energy 2019)
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Total world’s coal | Total world’s oil Total world’s gas

Regions (Figure 3) consumption, 2018 | consumption, 2018 | consumption, 2018
% % %

Asia Pacific 75.3 36.4 214

North America 9.1 23.8 26.6

Europe 8.1 15.9 14.3

CIS 3.6 4.2 15.1

Africa 2.7 4.1 3.8

South and Central America 1.0 6.8 44

Middle East 0.2 8.8 14.4

Total World % 100 100 100

Total World Consumption (Mtoe) |3772.1 4662.1 3309.4

Table 2: Percentage of consumption of fossils in different regions in 2018 (BP Statistical review of worldenergy)

Furthermore, overall global consumption amount for each type of fossil fuels have also been providedthat helps to find consumptions

for each fossil in different regions through calculation with percentageexpression.
Example Calculation for Carbon emission for Coal in Asia Pacific Region:
In case 161.3 Pound of Oil burns 1 BTU heat releases

1Mt0e=39652608.749183MMBTU,
1Pound = 0.00045 m? (Conversion)
Calculation the amount of produced CO2:

1. Consumed Coal in Asia in 2018 = W Mtoe = 2840.1Mtoe

2. Then it is needed to calculate how much energy is released as a result of combustion process.In case 1 million tons of oil burning,
39652608.749183 British Thermal Unit heat is released. So to calculate released heat amount:

2840.1Mtoe x 3965 2608'1‘;9183MMB TV _ 1.1x10" MMBTU
toe

3. As a result of combustion Produced Volume of CO2 can be calculated in pounds consideringthat 161.3 Pounds oil releases
IMMBTU heat. So Volume of Carbon-dioxide is found in pounds:

Pounds

1.1x10" MMBTU x161.3 =1.7x10" Pounds
MMBTU

4. Finally, it is expressed in cubic meters:

Covert to cubic meters = 1.7x10" Pounds xw =7.9x10°m’* =7.9bcm
Pounds
Regions (Figure 4) CO2,bcm | CO2, bem | CO2, bem | CO2, bem
Coal QOil Gas Total

Asia Pacific 7.9 4.8 2 14.7
North America 0.1 32 2.5 5.8
Europe 0.9 2.1 1.4 44
CIS 0.4 0.6 1.4 2.4
Africa 0.4 0.5 0.4 1.3
South and Central America | 0.2 0.9 0.4 1.5
Middle East 0.5 1.2 14 3.1
Total World 10.5 134 9.5 33.2

Table 3: Total Emissions in different regions due to coal, oil and gas consumptions in 2018
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Coal: Consumption®

Growth rate per annum

Share
Milice tarnes ail equivalent 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017 2018 2018 200717 2018
Canada 20.4 235 248 222 213 208 196 19.9 187 186 44| 228% -48% 0.4%
Mexico 10.1 103 12.7 14.7 128 12.7 12T 12.7 124 15.2 11.9| -21.7% 30% 03%
us 5350 4714 4988 4706 4160 4318 4309 3722 3406 3313 3170 43% 49% 84%
Total North Amenca 575.5 505.2 5363 507.6 4499 465.4 4632 30438 371.7 365.1 343.3 5.0% -4 6% 9.1%
Argentina 1.5 08 12 1.3 12 13 14 1.4 1.0 1:1 12 13.0% -1.4% 2
Brazil 138 11 145 154 163 1€5 175 176 159 166 159 -4.0% 20% 04%
Chile 44 40 45 58 6.7 75 76 73 74 T 5 7. 0.4% 6.6% 0.2%
Colombia 44 41 48 39 47 50 53 50 63 52 13.4% 44% 02%
Ecuador - - - - - - - - - - - - - -
Peru 09 o8 08 08 09 09 09 08 10 06 0.9 61.8% 56% i
Trinidad & Tobago - - - - - - - - - - = - - -
Venezuela 0.1 02 02 .2 02 02 0.2 0.1 01 0.1 0.1 99% -21% 2
Other S. & Cent. America 25 22 24 28 28 32 36 36 38 35 43 22.0% 3.1% 0.1%
Total S. & Cent. Amenca 27.7 233 283 302 317 346 364 358 356 348 36.0 3.7% 29% 1.0%
Austria 38 29 34 36 32 33 30 32 3.0 3.1 29 8.4% 2.1% 0.1%
Beigium 46 30 37 35 a3 34 33 34 32 3 33 49% 39% 01%
Czech Repubix 19.7 182 188 185 177 16.9 164 163 164 156 15.7 1.0% -28% 0.4%
Finland 53 54 68 58 45 50 a5 38 a4 40 43 6.7% 54% 0.1%
France 12.1 108 11.5 948 11.1 11.6 86 84 8.2 9.3 84 9.6% -3.2% 0.2%
80.1 na 771 783 80.5 828 796 78.7 765 715 66.4 -1.2% -1.9% 1.8%
Greece 83 B84 79 79 81 7.0 67 56 44 48 47 -2.8% £.0% 0.1%
Hungary 3.0 26 2.7 27 26 23 23 3 22 22 22 24% -3.3% 0.1%
158 124 137 153 15.7 135 132 123 11.0 96 89 -1.7% £1% 0.2%
Metherands 8.0 75 15 74 82 82 9.1 11.0 102 2.1 82| -105% 0.8% 0.2%
Narway 0.7 06 0.8 08 08 08 09 08 08 08 0.8 33% 1.8% o
Poland 56.2 518 565.1 55.0 51.2 534 494 487 495 498 505 1.5% -1.2% 1.3%
Portugal 25 28 16 22 29 26 27 33 28 32 27| -161% 12% 01%
Romania 94 75 70 82 76 59 58 6.0 54 54 5.3 -1.2% 58% 0.1%
Spain 135 94 69 128 165 1.4 116 137 105 134 11| -173% -3.9% 0.3%
Sweden 28 20 28 25 2.1 22 20 20 20 20 20 0.3% 35% 0.1%
Switzerland 0.2 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.1 0.1 - 4.5% »
Tu 296 309 314 339 %5 316 361 347 385 395 423 7.2% 3.0% 1.1%
Ukraine 418 359 383 415 425 416 356 2713 328 257 26.2 20% -4.3% 0.7%
United Kingdom 356 298 309 314 390 370 298 23.1 113 91 76| -166% -134% 02%
Other Europe 391 368 383 409 370 371 38 343 343 341 336 -1.5% -1.4% 0.9%
Total Europe 301.2 3504 3663 3818 3902 3776 3546 3392 3268 3155  307.1 2.7% -2 6% 8.1%
Azerbaijan t t t 1 t t E 1 t 1 1 - -13.0% -
Belarus 0.6 06 086 08 08 08 0.8 07 0.8 038 1.0 13.7% 1.9% 2
Kazakhstan k-3 309 334 363 379 375 370 342 339 364 408 12.2% 1.6% 1.1%
Russian Federation 100.7 922 805 94.0 20.5 87.6 a2 893 839 88.0 4.9% -1.1% 23%
Turkmenistan - - - - - - - - - - - - - -
Uzbekistan 1.0 10 09 1.1 12 11 12 1.1 27 35 31| -11.0% 13.5% 0.1%
Other CIS 13 09 09 1.0 14 1.4 1.7 1.8 1.6 18 20 10.6% 84% 0.1%
Total CIS 137.2 1256 1264 1332 1396 131.4 1283 1300 1283 1264 134.9 6.7% 0.1% 3.6%
Iran 12 14 13 14 1.1 1.4 16 16 15 14 15 43% 09% ~
Ir, - - - - - - - - - - - - - -
Isﬁel 79 17 77 79 88 71 66 65 55 50 a7 £.5% 46% 0.1%
Kuwait t - + I - 0.3 02 02 02 02 0.2 - 81.9% i
Oman t t t t t 01 0.1 0.1 0.1 01 0.1 B 8 ®
Saudi Arabia 0.1 t 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 - B8.5% .
United Arab Emirates 03 03 0.7 04 14 18 20 1.7 1.8 0 11 48% 222% %
Other Middle East 0.2 .2 03 0.4 05 05 06 0.4 0.4 0.4 04 * 112% s
Total Middie East 9.7 96 10.3 10.3 119 11.2 11.2 10.5 9.7 3.2 719 2.7% -1.9% 0.2%
Algeria 08 05 03 03 03 02 0.2 0.1 1 02 0.2 - -133% L
Egypt 0.7 06 05 04 04 04 04 141 17 16 28 68.7% 79% 0.1%
Morocco 3.7 27 28 3.0 30 30 4.0 44 4.3 45 5.4 22.4% 33% 0.1%
South Africa 933 a8 28 205 833 884 895 852 869 843 86.0 20% 0.1% 23%
Other Africa 3.0 33 3.7 4.2 39 53 78 6.8 6.2 7.0 7.0 0.2% 69% 02%
Total Afnca 101.4 101.0 100.1 a8.4 96.0 97.2 1019 97.7 99.1 976 1014 3.5% 0.6% 2.7%
Australia 58.2 563 522 509 478 454 45.0 465 46.5 451 44.3 -1.6% -21% 1.2%
Bangladesh 0.6 08 08 0.7 1.0 09 23 1.7 1.9 2.1 121% 11.9% 0.1%
China 1609.3 16858 17489 19039 19278 19689.1 19545 19140 18891 18904 1906.7 0.9% 1.8% 50.5%
China Hong Kong SAR 6.9 7.2 6.2 74 73 78 81 6.7 6.7 63 6.3 - =1.7% 02%
Inda 2593 2808 2904 3046 3300 3528 3875 3953 4004 159 4522 8.7% 57% 12.0%
Indonesia 315 332 395 469 530 £7.0 45.1 51 53.4 572 616 7.7% 4.7% 1.6%
Japan 1203 1016 116.7 1096 1158 121.2 1191 1193 1188 1199 M178 2.1% 0.2% 3.1%
Malaysa 98 106 148 148 159 15.1 154 174 189 193 211 94% 8.1% 0.6%
New Zealand 21 16 14 14 1.7 1.6 14 14 12 12 13 1.3% -3.0% s
Pakistan 6.0 49 46 40 40 32 47 47 53 71 16| 633% 27% 0.3%
Philippines 6.4 6.1 70 73 81 10.0 10.6 1186 131 155 16.3 52% 11.1% 04%
Singapore t 1 t t t 0.3 04 04 0.4 0.9 0.9 16% 60.1% .
South Korea 66.1 686 13 837 806 815 Ba4 854 815 862 882 24% 3.7% 23%
Sri Lanka 0.1 01 01 03 05 0.5 0.9 1.2 1.3 14 12| -143% 415% &
Taiwan 370 352 376 389 380 386 390 378 386 394 393 0.3% 02% 1.0%
Thailand 15.0 150 154 18.7 16.5 16.2 17.9 1185 12.7 183 185 1.0% 28% 0.5%
Vietnam 11.7 12 146 173 16.1 17.2 207 26.1 28.1 279 343 22.9% 16.3% 0.9%
Other Asia Pacific 20.5 16.6 162 132 139 114 129 122 16.1 169 180 7.0%  -10% 05%
Total Asia Pacific 22608 2335 28426 26211 26778 27497 27686 27510 27389 2770€ 28413 2.5% 23% 753%
.4 3610.1 3782, 37972 0 2 37690 37100 37184 37721 1.4% 0.7% 100.0%
of which: OECD 11508 10299 10929 10728 10282 1037.1 10201 954.9 1 8929 8613 3.5% 27% 228%
Non-OECD 23526 24208 25171 27098 27690 28299 28441 28140 28107 28256 29108 3.0% 22% T12%
European Union 303.7 267.7 2804 2882 2046 287.6 2686 2614 239.7 2342 224 5.1% -3.3% 59%
*Commercial solid fuels only, Le. brtuminous coal and anthracite (hard coall, gnite and brown (sub-bituminous) coal, and other ¢ ial soid fuels. E coa converted to bquid or gaseous
fuels, but includes coal d in 4 )
fLe=s than 0.05.
MLess than 0.05%.
Note: Differences between these world consumpton figures and the world prod ate d for by stock changes, and dable dizp in the def

or converson of coal supply and demand data.

Figure 4: Coal Consumption over the world (BP Statistical Review of World Energy 2019)
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As it is seen Asia Pacific region accounts nearly 45% of global emissions that is more than average accepted by UN WHO that

increases health related problems in this region such as cancer, heart attackand poor eyesight.

In order to compare carbon emissions in 2001 and 2018 the same calculation is applied to determine the volume of carbon-dioxide
emission in 2001. Amount of fossil consumptions for all regions have been provided in the Table 4 with percentage expression.
Furthermore, overall consumption has beenindicated as well that makes easier to calculate consumption for all regions separately

The same calculation carried out for the year 2001 and all results of calculation provided in the Table

Total world’s coal | Total world’s oil Total world’s gas

Regions (Figure 3) consumption, 2001 | consumption, 2001 | consumption, 2001
% % %

Asia Pacific 45.3 27.7 12.7

North America 26.2 30.4 30.0

Europe 15.3 21.7 19.5

CIS 8.0 4.8 22.8

Africa 3.9 3.3 2.5

South and Central America 1.0 6.2 4.0

Middle East 0.4 5.9 8.4

Total World % 100% 100% 100%

Total World Consumption (Mtoe) 2255.1 3510.6 2164.3

Table 4: Percentage of consumption of fossils in different regions in 2001 (BP Statistical Review 2002)

Regions (Figure 4) CO2,bcm | CO2,bcm | CO2,bcm | CO2, bcm
Coal 0Oil Gas Total

Asia Pacific 3 2.8 0.8 6.6

North America 1.5 3.1 1.9 6.5
Europe 1.1 2.1 1.2 4.4

CIS 0.4 0.5 1.5 2.4

Africa 0.3 0.3 0.2 0.8

South and Central America | 0.1 0.6 0.2 0.9
Middle East 0.1 0.7 0.4 1.2

Total World 6.5 10.1 6.2 22.8

Table 5: Total Emissions in different regions due to coal, oil and gas consumptions in 2001

5. It is seen clearly from the table that Asia Pacific region was the leader in terms of emissions amountin 2001 as well.

For comparison emission amount in 1993 and in 2018 are selected and included in Table 6. It is observable that emission amount
nearly increased by 50% compared to 1993. Based on Kyoto Protocolbetween 2008 and 2012 emission level should be 5% less than
compared to 1990. However, after calculation over years it is found that emission has increased even nearly 50%, which will increase
average global temperature rise over 2°C which must be 1.5°C based on agreement. Due to increase inGHGs emissions ozone layer
will be thinning faster than before that will enable sun’s ultraviolet wavesto radiate the people. In its turn, several diseases will appear
related high temperature and radiation, which requires deeper scientific and medical research. Furthermore, due to global increase in
emissionsacid rain will increase, as well so it may cause soil destruction, hence food scarcity and starvation of many people. Since the
CO2 (44g/mol) density is more than air (29g/mol) density as the amount of carbon-dioxide increases in the atmosphere heat released
from the sun is captured by carbon emissionin the atmosphere and causes global temperature rise. As a result of global temperature
rise natural disasters such as floods, wildfires and ice melting will take place. All these issues will affect global ecological balance of
nature in terms of animals, plants and drinkable water resources scarcity. Considering all these future potential problems urgent

steps should be taken to reduce emission levelboth in national level and global level through adopting and implementation of laws.
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In addition to emissions, fossil fuels have many negative effects, such as water, soil air contamination. Despite all these facts fossils
will still be the main energy resources during 21* century, because technology for producing fossil fuels are much cheaper than

alternative energy resources. However, it is possible to reduce emissions through using cleaner technology or replacing coal with gas.

Types of Energy Resources | CO2 (bcm), 1993 | CO2 (becm), 2018 Fig. 3
Coal 6.3 10.5

Natural gas 5.3 9.5

Oil 9.1 13.4

Total 20.7 33.4

Table 6: Amount of CO?2 released in the world in 1993 and 2018

All consumed energies are expressed in Mtoe, so, during calculation of carbon-dioxide emissions in different regions and different
years the 1Btu is accepted as the amount of heat released during combustion of 161.3 pounds of oil. In case 1 million tons of oil
burning, 39652608.749183 British Thermal Unit heat is released. After determining the released heat amount (MMBTU) it is used
to calculate the volume (Pound) of carbon dioxide. Then conversion factor is used to express volumes in cubic meters. Calculations
were carried out by the author to determine in which region and which typeof fossil fuel is consumed more as well as to compare

emission amount in different years.
Results of Qualitative Data

According to annual energy reports provided by BP (Statistical Review in 2018) the highest percentage (75.3%) of overall coal
consumption (3772.1Mtoe) was consumed in Asia Pacific region. After doing calculation, the volume of carbon emission was found
by Asia Pacific in 2018. So, the mostamount of carbon-dioxide (7.9 bcm) out of total 10.5bcm was released by Asia Pacific region due
to coal combustion. However, the least was in North America (0.1 bcm). Furthermore, Asia Pacific regionreleases the most carbon
emission as a result of oil combustion, as well (4.8 bcm out of total 13.4bcm) but the least volume of emission released by Africa region
only 0.5bcm through oil combustion. However, North America region consumes more gas (26.6%) than other regions so it releases
more emission due to gas combustion 2.5 bcm. While, in 2018 Europe, CIS and Middle East almost producedthe same volume of
emission 1.4 bcm. For comparing emissions by coal (10.5 bcm), oil (13.4 becm) andgas (9.5 bem) it is seen that overall most emission
is due to oil combustion as an energy source. Considering the overall emission volume, Asia Pacific region releases more emission
14.7 bem out of 33.2 bem of total world emission in 2018, which can be mainly due to economic and population growth.Since the

population and economy grow, the demand for energy is growing as well. Hence, the amountof released carbon emissions as well.

Through reviewing annual report in 2002 it is observable that overall energy consumption was low 2164.3Mtoe, hence the
emission was low. In 2001, again the most amount of coal was consumed by Asia Pacific region 45.3% of 2255.1Mtoe of overall coal
consumption in the world. While, the North America oil consumption was the highest that accounted for 30.4% of overall world oil
consumption that was 3510.6Mtoe in that year. In 2001 the least fossil consumption, hence the least emission was released by Africa,
Middle East and South and Central America. Overall in 2001 emission volume was 22.8 bcm. In 2001 the most carbon released by
Asia Pacific 6.6 bcm. While among the fossil fuels oil accounted for the highest volume of emission 10.1 becm out of 22.8 bem, while

the least emission wasproduced by gas consumption 6.2 bcm [10].

After analyzing the annual energy reports, it is seen clearly that between 2001 and 2018 coal consumption in Asia Pacific region
increased from 45.3% to 75.3%. While, North America decreased coal consumption considerably over these years, according to

annual reports consumption rate declined from 26.2% in 2001 to 9.1% in 2018 [11].

Comparing the consumption of oil in North America, it declined from 30.4% in 2001 to 23.8% in 2018. In addition, gas consumption
decreased from 30% to 26.6% between 2001 and 2018 in North America.In the context of overall economic growth in Europe oil
consumption percentage decreased however, considering emission volume it remained almost the same between 2001 and 2018. In
terms of gas consumption rate in Europe the percentage decreased in 2018 compared to 2001 statistics. However,again the overall

emission volume remained the same which can be considered as a decline in consumption despite population growth [12].
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Considering economic growth overall in Europe region the emission due to coal consumption decreased as well in overall context,
however, volume of carbon-dioxide emission due to coal combustion almost remained the same. Africa, South and Central America

and Middle East regions released the least amount of emissions compared to other regions [13].

In the Table 15 given above emissions amount due to coal, oil and gas consumption has been providedin 1993 and 2018. For
comparison, the overall emission amount increased from 20.7 bcm to 33.4 bcm.Over these years oil has been major energy resource
hence the largest emissions due to oil consumption. Over this time frame, it is clearly seen that overall carbon emission as well as for

each type of fossil fuel emission amount increased by 50% between 1993 and 2018 [14].

Overall, through comparison among different years, demand for energy increases annually as the population size grow. So the more
population means the more energy demand then, the more energyconsumption leads to the more carbon emission. In order to
reduce contamination some urgent stepsshould be taken immediately by International Organizations, Governments and societies
[15].

Discussions

It could be argued that emission is global issue since carbon emissions and other gas mixtures releasedinto atmosphere spread along-
side the world and affect ecology globally. However, the amounts of emissions due to fossil fuel consumption are not the same in

different regions of the world dependingon many factors. After searching and analyzing all data the below major points were found:

e Emissions can be both regional and global depending on its spreading means. In addition to emissions due to fossil fuel consump-
tion, there are other contamination types due to fossil fuels extraction such as heavy metals spread via atmosphere as a dust and via

water through sweeping into rivers, which requires mainly experimental scientific analysis.

o Coal are the major fossil fuel foe electricity generation in some countries, especially China and India in Asia Pacific region and in
Germany in Europe region. It is found that over the last 20 years consumption rate of coal almost increased by 50% hence, emissions
increased by that amount dueto fossil. China accounts for more than half of global coal consumption, hence more than half of car-

bon-dioxide emissions.

e Among all fossils, oil is the most consumed energy resource in terms of usage areal from chemistryindustry until burning for
transportation. It is found that over the last 30 years oil consumption hasbeen almost 50% greater than both coal and gas consump-

tion. North America was the leader for oilconsuming, however, Asia Pacific region surpassed it and became world leader.

In terms of gas consumption over the 20 years period North America’s leadership replaced by Asia Pacific region. Some countries

such as the USA replaced coal by gas for electricity generation since gasproduces nearly 50% less carbon-dioxide than coal.

Carbon-dioxide emission is just one form of emissions due to fossil fuels consumption. Emission in itselfis an extensive subject in
terms of many possible ways. Only in fossil fuels context emissions due to carbon-dioxide is considered as the objective of research.
Furthermore, it was not possible to calculateaccurate numbers due to decimals as well as other gases in the emissions’ content. To
simplify the calculation only carbon-dioxide emission is selected as emission. Moreover, due to limited time and accessibility to
data and no availability of experiments all calculations for carbon emissions were carriedout mathematically through equations. The
data collection method was limited to only annual statistical energy reviews provided by energy companies, articles, magazines and
individually to someprofessors. The study in emissions is a broad research field and intensive research considering differentaspects
will provide considerable results. However, due to lack of experimentation, time and access toreal industry detailed study was not

possible.
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Conclusion

It is known that the potential of renewable energy sources is huge. Examples of these sources are the solar energy, the planet’s internal
energy, geothermal waters, wind power, rise and fall of seas, rivers,biogas, hydrogen and biomass. The importance of these energies
has increased in recent years as people's living conditions have improved and energy demand has risen considerably. There are three

main types of regenerative energy: - Solar energy, - planetary (gravitational) energy, - geothermal energy.

The results of different scientific investigations are not encouraging. Even in the scenario with the leastchange in nature, the minimum
value of temperature rise by the end of the 21% century is 1.4°C. Currently the actual temperature rise is 0.6°C. In the future, this in-
crease will be from 2 to 6°C and morerise can be possible. In almost all scenarios, the results of intensive use of natural fuels allow us to
predict that the use of renewable energy sources will accelerate. In this case, the use of non-CO2 fuelsis expected to increase by 4-25
times. Towards the end of the twenty first century, the transition to zero carbon energy is expected, based on the use of renewable
energy sources. One additional way toreduce carbon emissions is to use fuels that produce less CO2 when burned. Table below shows

the amount of CO2 emitted during the combustion of different fuels, 1 kWhr and 1 GJ of thermal energy. [16]

Fossil fuel kg CO2/kWxhr | kg CO2/GJ
Coal 0,34 94,6
Diesel fuel 0,27 74,1
Oil 0,26 73,3
Kerosene 0,26 71,5
Gasoline 0,25 69,3
Natural gas (CH4) | 0,2 56,1

Table 7: The amount of CO2 emitted for combustion of

different fuels

As can be seen from the table, the fuel that burns with the least amount of carbon dioxide is natural gas. Therefore, it is preferred
to use natural gas as a fuel to reduce the amount of carbon dioxide released into the atmosphere during the combustion process.
The use of natural gas as a fuel is more efficient, especially in large cities and other large regions with high population density.
At the same time, the environment is less polluted, the atmosphere become relatively clean and the amount of carbon dioxide
emitted is sharply reduced. The protection of the Earth's atmosphere from pollution and greenhouse gases has been raised to the
international level, and it has been decided to unite anddirect the efforts of countries in this area. This issue is reflected in the 1997
Protocol to the United Nations Framework Convention on Climate Change, adopted in Kyoto, Japan. This document is called the
"Kyoto Protocol" and its signing covered the period from 16.03.1998 to 15.03.1999. Based on this Protocol all countries must report

annual statistics of energy usage and their emissions amount.

In order to reduce energy consumption, hence carbon-dioxide emission 5 R principles should be appliedin all fields of industry which

will also help for sustainable development as well as bring ecological and advantages.

5 R principles to reduce carbon emissions are given below
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Refuse non-renewable energy resources and use alternative energyresources

Reduce energy consumption and change transportation to electrical means or bikes

Reuse paper and plastics that will reduce cutting trees and energyconsumption

Recycle all the utilized things to reduce energy consumption toproduce again

Root use of all food and things where it is produced to reducetransportation

5060

For this purpose, the achievements of modern science and technology should be used, low- energy and high-efficiency equipment
and technological processes should be applied, low-carbon fuelsshould be used, and renewable energy sources should be widely
used. Only through the joint efforts ofall countries it is possible to eliminate the huge amount of greenhouse gasses and mitigate
its impact. All regions have their own potential for alternative energy resources depending on their geographical location. For
example, currently the largest area of solar panels are owned by China then Japan, Turkeyand Greece. However, solar panels can
be most effective in deserts in Africa and Middle East where nosoil is used for agriculture, so absolutely empty spaces for energy
generation with the maximum efficiency. In future, some countries in Asia Pacific region such as China and Japan have the
potential for wave energy of seas as well as increase the number of wind turbines and solar panels that may helpto reduce coal
consumption in this region considerably. It is commonly known that there is temperaturedifference between the top sea and bottom
layers of seas and oceans. Using this temperature difference with the help of special pumps, it is possible to generate electricity

with the help of special technology.

In order to reduce energy consumption and use resources efficiently “Smart City” is considered as an ideal model for living infra-
structure. Considering all advantages of “Smart City” infrastructure reducingenergy consumption, hence carbon-dioxide emission
is also a matter of several fields to operate all together such as civil engineering and information technology, agriculture and land
use, overall using all resources in a sustainable way. The “Smart City” model brings the benefits below all of them that leads to less

energy consumption and less emissions:

@ Better transport services: improvement efficiency throughout the city through in such a designthat all people use the better and
shorter distances to reach their daily destination points. Thelocation and route is chosen and designed in such a way that there is less
need for transportationfor travelling. In terms of road construction special ways constructed for bikes that even withoutusing cars it

is possible to reach destination with bike faster.

e Efficient public services: reduction of involuntary waste of water and electricity with smart technology using natural resources
available is possible using solar panels, for example, that uses solar energy to light the streets during the night and it uses the energy

that collected during the day. Furthermore, when there is no person near it, either energy or water usage stops.

@ Reduction of the environmental footprint: Energy-efficient buildings, air quality sensors and renewable energy sources are pro-

viding cities with new tools to reduce their ecological impact.
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e Construction infrastructure in more economical way: more densely populated city center and urban area around it to decrease
land use and increase forest areas. Fewer public buildings (school, hospital, bank etc.) will meet overall demand, hence less energy

consumption

“Smart City” model has been applied in many parts of the world such as in Japan, USA and China. However, the number of these
cities are not enough in the world. They are mainly constructed in developed countries, but in developing countries as well smart
citieswillbe constructed in near futurewhich will help to reduce energy consumption, hence carbon-dioxide emission considerably

as well asproviding sustainable development.
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